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$EVWUDFW,QVXODWLRQ FRRUGLQDWLRQ VWXG\ IRU D VXEVWDWLRQ
UHTXLUHV DFFXUDWH SUHGLFWLRQ RI SRVVLEOH RYHUYROWDJHV JHQHUDWHG
ZLWKLQ RU H[WHUQDO WR WKH VXEVWDWLRQ 3URWHFWLYH GHYLFHV LQ WKH
IRUPRIVXUJHDUUHVWHUVDUHXVXDOO\LQVWDOOHGWRSURWHFWVXEVWDWLRQ
HTXLSPHQW IURP RYHUYROWDJHV FDXVHG E\ ERWK VZLWFKLQJ DQG
OLJKWQLQJVXUJHV,QWKLVZRUNWKHGHFLVLRQZKHWKHUWR LQVWDOORU
QRW WR LQVWDOO =Q2 VXUJH DUUHVWHUV IRU SRZHU WUDQVIRUPHU
SURWHFWLRQLQDN9*,6VXEVWDWLRQZDVPDGHZLWKWKHDLGRI
$73(073 VRIWZDUH 9DULRXV PRGHOV VXFK DV WKRVH IRU
XQGHUJURXQG FDEOHV DQG =Q2 VXUJH DUUHVWHUV ZHUH FDUHIXOO\
VWXGLHGVLQFHWKHUHVXOWVRIWKHVLPXODWLRQVWXG\ZHUHYHU\PXFK
GHSHQGHQW RQ WKHPRGHOV FKRVHQ 7KH UHVXOWLQJ RYHUYROWDJHV DW
WKH SRZHU WUDQVIRUPHU GXH WR SRVVLEOH OLJKWQLQJ LPSXOVHV DW
YDULRXV LQMHFWLRQV SRLQWV ZHUH VWXGLHG $ GHFLVLRQ ZDV ILQDOO\
PDGHEDVHGRQWKHVLPXODWLRQUHVXOWV
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,QGH[ 7HUPV /LJKWQLQJ RYHUYROWDJHV $73(073 6XUJH
DUUHVWHU *,6 VXEVWDWLRQ ,QVXODWLRQ FRRUGLQDWLRQ 7UDQVPLVVLRQ
OLQHPRGHO
,,1752'8&7,21
8%67$7,21 HTXLSPHQW RYHUYROWDJH SURWHFWLRQ GHVLJQ
LQYROYHVDSURSHUGHWHUPLQDWLRQDQGVHOHFWLRQRISURWHFWLYH
GHYLFHV  $ UHOLDEOH SURWHFWLRQ V\VWHP LV DQ LPSRUWDQW
GHFLVLRQ GXH WR WKH VLJQLILFDQW PRQHWDU\ LQYHVWPHQW DQG
UHTXLUHGUHOLDEOHFRQWLQXRXVRSHUDWLRQRIWKHIDFLOLW\9DULRXV
RYHUYROWDJHVWUHVVHVLQFOXGHWKRVHGXHWRWKHVZLWFKLQJVXUJHV
OLJKWQLQJ VXUJHV RQ FRQQHFWHG WUDQVPLVVLRQ OLQHV RU HYHQ
GLUHFW VWULNHV WR WKH VXEVWDWLRQ IDFLOLW\ 6LQFH =Q2 JDSOHVV
VXUJH DUUHVWHUV DUH QRZ FRPPRQO\ XVHG DV D PHDQV RI
SURWHFWLRQ DJDLQVW WKRVH VWUHVVHV LWV DSSOLFDWLRQ LQ D JLYHQ
VXEVWDWLRQ VHWXS UHTXLUHV VRPH SHUIRUPDQFH VWXG\ 7KLV













= $EGXO 0DOHN LV ZLWK ,QVWLWXWH RI +LJK 9ROWDJH 	 +LJK &XUUHQW




,Q FDUU\LQJ RXW WKH PRGHOOLQJ ZRUN WKHUH LV D QHHG WR
DFFXUDWHO\ LGHQWLI\ WKHPRGHOV RI SRZHU V\VWHP FRPSRQHQWV






)RU WKLV ZRUN WKH VXEVWDWLRQ LQFRPLQJ WUDQVPLVVLRQ OLQH
ZDVDVLQJOHFRUH;/3(XQGHUJURXQGFDEOH7KHFURVVVHFWLRQ
RIWKLVFDEOHLVVKRZQLQ)LJ)RXUPRGHOVDUHDYDLODEOHLQ
$73(073 VRIWZDUH WR UHSUHVHQW WKH WUDQVPLVVLRQ OLQH
QDPHO\WKH%HUJHURQ3,-0DUWLDQG6HPO\HQPRGHOV>@

7KH %HUJHURQ PRGHO LV EDVLFDOO\ D FRQVWDQW SDUDPHWHU
PRGHODQGWKHUHIRUHQRIUHTXHQF\HIIHFWLVPRGHOOHG>@7KH
3, PRGHO LV EDVHG RQ WKH 3, HTXLYDOHQW FLUFXLW RI VKRUW
WUDQVPLVVLRQ OLQHV > @ 7KH -0DUWLPRGHO LV D IUHTXHQF\
GHSHQGHQWPRGHOZLWKDFRQVWDQWWUDQVIRUPDWLRQPDWUL[>






ZDV XVHG )RU WKH  N9UDWHG DUUHVWHU XVHG WKH
FRUUHVSRQGLQJUHVLGXDOYROWDJH 9U IRUDN$FXUUHQWLV
N9)RUIDVWIURQWZDYHVWKHUHVLGXDOYROWDJH9U7DW
N$ FXUUHQW LV  N97KH9, FKDUDFWHULVWLFV XVHG DUHDV LQ
7DEOH  1RWH WKDW WKH  0ȍ UHVLVWRU ZDV LQVHUWHG LQ WKH
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)RU OLJKWQLQJ WUDQVLHQW DQDO\VLV WKH SRZHU WUDQVIRUPHU LV
XVXDOO\UHSUHVHQWHGDVDOXPSHGSRUWFDSDFLWDQFH>@)RUWKH
 N9 V\VWHP XQGHU VWXG\ WKH SRZHU WUDQVIRUPHU LV
UHSUHVHQWHGE\DFDSDFLWDQFHRIQ)7KHYROWDJHWUDQVIRUPHU












































































WLPH FRQWUROOHG VZLWFKHV 7KH VXEVWDWLRQ EXVEDUV ZHUH
UHSUHVHQWHG E\ WKH WKUHH SKDVH GLVWULEXWHG SDUDPHWHU RI
WUDQVSRVHGOLQHUHSUHVHQWHGE\WKH&ODUNHPRGHO2WKHUSRZHU
V\VWHPHTXLSPHQWVXFKDVFXUUHQWWUDQVIRUPHUHDUWKLQJVZLWFK
DQGKLJK VSHHG HDUWKLQJ VZLWFK FDQ EH FRQVLGHUHGQHJOLJLEOH
>@DQGKHQFHQRWPRGHOOHGLQWKLVVLPXODWLRQZRUN
'/LJKWQLQJ6RXUFH





,Q RUGHU WR GHWHUPLQH WKH PRVW DFFXUDWH PRGHO IRU WKH
XQGHUJURXQGFDEOHHDFKRIWKHDYDLODEOHPRGHOVLQWKH$73




$ FHUWDLQ OHQJWK RI D SKDVH FDEOH ZLWK DQ LQWHUFDEOH









7KH SKDVH WUDQVPLVVLRQ OLQHZDV LQMHFWHGZLWK$& LQSXW
ZLWKIUHTXHQF\RI+]+]+]N+]DQGN+]DW
SKDVH % ZLWK WKHPDJQLWXGH RI  N9 7KH FDEOH GLVWDQFH
IL[HGDWFPIURPRWKHUSKDVHVRIFDEOHV7KHLQGXFHYROWDJH
DWRWKHUSKDVHVZDVDQDO\VHGGXHWRFRXSOLQJHIIHFWIRUDOOWKH
PRGHOV 7KH SHDN YROWDJH DW VHQGLQJ HQG RI SKDVH $ ZDV
UHFRUGHG VLQFH SKDVH $ DQG SKDVH & KDYH WKH VDPH SHDN




























)URP WKHVLPXODWLRQRI WKH WUDQVPLVVLRQ OLQHUHVSRQVH WRD
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UHVXOWV LQ YHU\ ORZ LQGXFHG YROWDJHV DW WZR RWKHU SKDVHV IRU
%HUJHURQDQG3,PRGHOVFRPSDUHGWRKLJKHULQGXFHGYROWDJHV
IRU -0DUWL DQG 6HPO\HQ PRGHOV )RU WKH -0DUWL PRGHO WKH
PDJQLWXGH RI LQGXFHG YROWDJH GHFUHDVHV ZKHQ WKH IUHTXHQF\
LQFUHDVHV XS WR  N+] WKHQ WKH YROWDJH LQFUHDVHV DJDLQ XQWLO
WKH IUHTXHQF\ UHDFKHV  N+] )RU WKH 6HPO\HQ PRGHO WKH
VLPXODWLRQ FDQ RQO\ EH GRQH IRU IUHTXHQF\ XS WR  N+]
EHFDXVHRIVRPHOLPLWDWLRQLQWKHPRGHO
)URPWKHDQDO\VLVRIYDULRXVWUDQVPLVVLRQOLQHPRGHOVZLWK




7KH DERYH SUHOLPLQDU\ VLPXODWLRQ ZRUN JLYHV YDOXDEOH
LQIRUPDWLRQ DQG FRQILGHQFH RQ WKH W\SHV RI PRGHOV XVHG WR
UHSUHVHQWYDULRXVSRZHUV\VWHPFRPSRQHQWV)LJVKRZVWKH
VLPXODWHGFLUFXLWRI WKHVXEVWDWLRQDVGUDZQLQWKH$73'UDZ
SURJUDPXVLQJ WKHFKRVHQPRGHOV7KLVFLUFXLWZDV EDVHG RQ




7KH HIIHFW RI OLJKWQLQJ FXUUHQW DPSOLWXGH RQ WKH JHQHUDWHG
RYHUYROWDJHLVLQYHVWLJDWHG7KHVKDSHRIWKHOLJKWQLQJFXUUHQW






HQG RI /LQH   )LJ  VKRZV WKH YROWDJHV DW WKH SRZHU
)LJ6LPXODWHGFLUFXLWRIWKHVXEVWDWLRQ

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WUDQVIRUPHUV IRU WKH FDVH RI ZLWK DQG ZLWKRXW =Q2 VXUJH
DUUHVWHUVLQVWDOOHGDFURVVWKHWUDQVIRUPHUV










7KH HIIHFW RI WKH OLJKWQLQJ FXUUHQW ZDYHVKDSH ZDV DOVR
LQYHVWLJDWHG7KLVZDVGRQHE\FKDQJLQJWKHIURQWWLPHDQGWKH
























:LWK$UUHV WHU75 :LWKRX W$UUHVWHU75


























ȝV 7KHUH LV D PDUNHG LQIOXHQFH RI WKH WDLO WLPH RQ WKH
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&(IIHFWRI2YHUYROWDJH6RXUFH,QMHFWLRQ3RLQW
6LPXODWLRQ ZDV GRQH ZLWK WZR OLJKWQLQJ FXUUHQW VRXUFH
ORFDWLRQVQDPHO\DWWKHVHQGLQJHQGRIWKHXQGHUJURXQGFDEOH
/LQHDQGDWDSRLQWQHDUWKHWUDQVIRUPHU)LJXUHVKRZV
WKH HIIHFW RI OLJKWQLQJ VWULNH ORFDWLRQZLWKDQGZLWKRXW VXUJH
DUUHVWHULQVWDOOHG
)RU WKH FDVH RI D GLUHFW N$ OLJKWQLQJ VWULNH QHDU WKH
WUDQVIRUPHU WKH YROWDJHV DW WKH WUDQVIRUPHU ZHUH  N9
ZLWKRXWDUUHVWHUDQGN9ZLWKDUUHVWHU ,W LVQRWHG WKDW
HYHQIRUWKHZRUVWFDVHRIDGLUHFWVWULNHQHDUWKHWUDQVIRUPHU




6HOHFWLRQ RI VXLWDEOH ORFDWLRQ LQ WKH VXEVWDWLRQ IRU WKH
LQVWDOODWLRQ RI VXUJH DUUHVWHU LV DQ LPSRUWDQW DVSHFW RI
FRQWUROOLQJ WKH RYHUYROWDJHV DW GLIIHUHQW SRLQWV LQ WKH
VXEVWDWLRQ,GHQWLI\LQJWKHEHVWORFDWLRQIRUVXUJHDUUHVWHUZLOO

































,QYHVWLJDWLRQ ZDV GRQH RQ ILYH GLIIHUHQW FDVHV RI VXUJH
DUUHVWHUFRQILJXUDWLRQV&DVHLVZLWKVXUJHDUUHVWHUVLQVWDOOHG
DW WKH WUDQVIRUPHUVDVZHOODVDWDOO WKH WHUPLQDWLRQSRLQWVRI










%DVHG RQ WKH UHVXOWV RI WKH DERYH VWXG\ WKH IROORZLQJ
FRQFOXVLRQVDUHPDGH
L $QDO\VLVRIVXUJHDUUHVWHUORFDWLRQHIIHFWVKRZVWKDWVXUJH
DUUHVWHU LQVWDOODWLRQ DFURVV WKH WUDQVIRUPHUV LV RQ LWV RZQ
VXIILFLHQW WR SURWHFW ERWK WUDQVIRUPHUV IURPRYHUYROWDJHV
$OWHUQDWLYHO\ VXUJH DUUHVWHUV FDQ EH LQVWDOOHG DW DOO FDEOH
WHUPLQDWLRQVRQO\DQGWKLVFRQILJXUDWLRQRQLWVRZQLVDOVR
VXIILFLHQWWRSURWHFWWKHWUDQVIRUPHUV
LL 6LQFH WKLV VXEVWDWLRQ GRHV QRW KDYH DQ\ LQFRPLQJ RU
RXWJRLQJRIWKHRYHUKHDGOLQHW\SHWKHRQO\SRVVLEOHZD\
IRU D OLJKWQLQJ VXUJH WR HQWHU WKH VXEVWDWLRQ LV E\ YROWDJH
LQGXFWLRQGXHWROLJKWQLQJVWULNHVRQWKHJURXQGQHDUWRWKH
XQGHUJURXQG FDEOHV )URP WKLV ZRUN LW LV QRWHG WKDW
SURWHFWLRQE\PHDQVRIVXUJHDUUHVWHUVLVQRWUHTXLUHGLIDQ





>@ 3RYK ' 6FKPLWW + 9ROFNHU 2 DQG:LW]PDQQ 50RGHOOLQJ DQG
$QDO\VLV *XLGHOLQHV IRU 9HU\ )DVW 7UDQVLHQWV ,((( 7UDQVDFWLRQV RQ
3RZHU'HOLYHU\2FWREHU
>@ ,PHFH $ ) 'XUEDN ' : DQG HWF 0RGHOLQJ *XLGHOLQHV IRU )DVW
)URQW7UDQVLHQWV,(((7UDQVDFWLRQVRQ3RZHU'HOLYHU\-DQXDU\
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
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-XQ=RX/LJKWQLQJ7UDQVLHQW3HUIRUPDQFH$QDO\VLVRI6XEVWDWLRQ%DVHG
RQ &RPSOHWH 7UDQVPLVVLRQ /LQH 0RGHO RI 3RZHU 1HWZRUN DQG
*URXQGLQJ 6\VWHPV ,((( 7UDQVDFWLRQV RQ 0DJQHWLFV $SULO 
7$%/(
())(&72)685*($55(67(5/2&$7,21217+(29(592/7$*(6
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>@ %HVKDUDWL ) -DOLOL.KDUDDMRR 0 DQG (EUDKLPLUDG + $QDO\VLV RI





LQ D  N9 *,6 +LJK 9ROWDJH (QJLQHHULQJ (OHYHQWK ,QWHUQDWLRQDO
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 /RQGRQ
8.,(((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>@ 3LPHQWD ' * DQG $PRQ )LOKR - &RQILJXUDWLRQ RI 6XEURXWLQH
02'(/6 RI $73'UDZ LQ 7UDQVLHQW5HFRYHU\ 9ROWDJH 759 6WXGLHV
IRU &LUFXLW %UHDNHUV 7KH ,QWHUQDWLRQDO &RQIHUHQFH RQ 3RZHU 6\VWHPV





>@ /iV]Oy 3ULNOHU +DQV .ULVWLDQ +¡LGDOHQ $73'UDZ YHUVLRQ  IRU
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6LPXODWLRQRI7UDQVPLVVLRQ/LQH7UDQVLHQWVXVLQJ)UHTXHQF\'HSHQGHQW
0RGDO 7UDQVIRUPDWLRQV 3RZHU (QJLQHHULQJ 6RFLHW\ :LQWHU 0HHWLQJ
-DQXDU\)HEUXDU\,(((±
>@ 0DUWL -50DUWL/ DQG'RPPHO+:7UDQVPLVVLRQ/LQH0RGHOV
IRU 6WHDG\6WDWH DQG 7UDQVLHQWV $QDO\VLV $WKHQV 3RZHU 7HFK 
$373URFHHGLQJV-RLQW,QWHUQDWLRQDO3RZHU&RQIHUHQFH6HSWHPEHU
,(((
>@ 0DUWL / 6LPXODWLRQ RI 7UDQVLHQWV LQ 8QGHUJURXQG &DEOHV ZLWK
)UHTXHQF\'HSHQGHQW 0RGDO 7UDQVIRUPDWLRQ 0DWULFHV ,(((
7UDQVDFWLRQVRQ3RZHU'HOLYHU\-XO\±
>@ 0DUWL / 6LPXODWLRQ RI (OHFWURPDJQHWLF 7UDQVLHQWV LQ 8QGHUJURXQG
&DEOHVXVLQJ WKH(073QG ,QWHUQDWLRQDO&RQIHUHQFH RQ$GYDQFHV LQ
3RZHU 6\VWHP &RQWURO 2SHUDWLRQ DQG 0DQDJHPHQW 'HFHPEHU 
+RQJ.RQJ±






(QJLQHHULQJ &RQIHUHQFH 6HSWHPEHU   ,(((  

>@ %D\DGL$+DULG1 =HKDU. DQG%HONKLDW 6 6LPXODWLRQ RI0HWDO
2[LGH 6XUJH $UUHVWHU '\QDPLF %HKDYLRU XQGHU )DVW 7UDQVLHQWV 7KH













0HWDO 2[LGH 6XUJH $UUHVWHU ,((( 7UDQVDFWLRQV RQ 3RZHU 'HOLYHU\
-DQXDU\
>@ 6DGRYLF6*DFDQRYLF5DQG5DVFLF0+96XEVWDWLRQ2YHUYROWDJH
&RPSXWDWLRQ7DNLQJ LQWR$FFRXQW )UHTXHQF\'HSHQGHQW7UDQVLHQWV RQ
WKH 6XEVWDWLRQ *URXQGLQJ 6\VWHP 7KH ,QWHUQDWLRQDO &RQIHUHQFH RQ





=XONXUQDLQ $EGXO 0DOHN 0¶ REWDLQHG KLV
%( IURP0RQDVK 8QLYHUVLW\ 0HOERXUQH LQ 
DQG KLV 06F DQG 3K' GHJUHHV IURP 8QLYHUVLW\ RI
:DOHV&DUGLIILQDQGUHVSHFWLYHO\6LQFH
 KH KDV EHHQ D PHPEHU RI WKH (OHFWULFDO
(QJLQHHULQJ )DFXOW\ DW 8QLYHUVLWL 7HNQRORJL
0DOD\VLD 870 +H LV FXUUHQWO\ DQ $VVRFLDWH
3URIHVVRUDW WKH ,QVWLWXWHRI+LJK9ROWDJHDQG+LJK
&XUUHQW 870 +LV UHVHDUFK LQWHUHVWV LQFOXGH KLJK
YROWDJH V\VWHPV PHDVXUHPHQW WHFKQLTXHV RI IDVW
FXUUHQWV DQG YROWDJHV DQG IDVW WUDQVLHQW UHVSRQVH RI KLJK YROWDJH VXUJH
DUUHVWHUV
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